Background: The purpose of this study was to determine the direct medical US cost of managing multiple sclerosis relapses.
Background
Although the exact number of people with multiple sclerosis (MS) is not known in the United States (US), published estimates put the number at between 250,000 to 350,000 [1] . The majority of patients initially have a form of MS described as "relapsing-remitting", which manifests as a series of exacerbations followed by periods of partial or complete remission, and 30-50% of those will have progressive symptoms within the first ten years [2] . Relapse rates vary widely (0.1 to 1 attack per year), and patients with higher relapse rates in the first two years after onset of symptoms have been observed to be at greater risk of more rapid progression to a severe level of disability [3] . Most people experience their first symptoms between the ages of 20 and 40 years; therefore, this disease may have a substantial impact over many years on their health, quality of life, productivity and employment [1, 4] . The annual cost of MS in the US has been estimated to be $2.5 billion [1] .
In a clinical area where relief of symptoms has been the mainstay of management, the development of new disease modifying drugs for MS in recent years has provided hope for patients due to their important clinical benefits. Data published by the National Consortium of Multiple Sclerosis Centers in 2000, [5] showed that 78% of patients questioned reported ever taking a disease modifying drug and 67% of patients were currently taking one. Clearly, these agents have been embraced as a therapy for relapsing-remitting MS and in a cost conscious clinical environment concerned with limited health care dollars their impact should be examined not only in clinical terms such as reducing relapse rates, or severity or modifying the progression of the disease, but also with an understanding of their economic consequences. Medical decision-making in managed care organizations (MCO) and elsewhere should not take place in an economic vacuum. To facilitate these decisions, it is necessary to have current estimates of the direct medical costs related to managing MS. As there is little published in the literature relating to the direct medical cost of relapse in the U.S, this paper focuses on providing a key piece of the economic puzzle for relapsing-remitting MS -the cost of managing an episode of relapse.
Methods

Study Design
The goal of this analysis is to provide estimates of the direct medical costs of managing a relapse in multiple sclerosis. These costs are meant to reflect the economic value of the resources consumed, regardless of who actually pays for them (for example, Medicare, Medicaid or a commercial insurer). Thus, they do not take into account adjustments made in the multi-payer US system, such as differences in coverage of medications, co-payments, reimbursement rates or volume discounts.
The cost estimates were developed to provide a comprehensive picture of the direct medical costs associated with managing a relapse of MS. The range of health care services used to manage a relapse will consequently reflect the severity of the initial signs and symptoms. When patients have a relapse, they can experience a diverse range of symptoms of neurological dysfunction, which eventually may resolve partially, completely, or stabilize [6] . The severity of symptoms experienced during a relapse varies widely and may include sensory loss, optical neuritis, weakness of the limbs leading to fatigue, disturbance of gait, loss of dexterity, and paraesthesias [6] . The duration of a relapse episode also varies and may last up to several months [6] .
Symptoms associated with a relapse can be treated in a number of ways and at different levels of formal care. Therefore, for the purpose of this analysis, the place where health care was delivered and scope of services provided was used to define three levels of management of a relapse. The health care services and their associated costs used during a relapse episode, defined as a 90-day period for this analysis based on information from the literature [7] , were estimated for each of the three management levels. Hospitalization was defined as high intensity management of a relapse. A medium level of intervention was considered to be either use of the emergency room (ER), or an observational unit, or administration of acute treatments requiring formal intervention, such as intravenous (IV) methylprednisolone given in an outpatient or home setting. The lowest intensity of care provided for a relapse is comprised of physician office visits and symptomrelated medications. The major cost centers included in the profiles for each management level are indicated in Figure 1 .
As there is no single data source available that provides all of the information required to derive the cost of a relapse, it was necessary to gather data from a variety of sources and employ a combination of direct data analysis and cost modeling based on typical clinical management profiles. A resource use profile for each management level was developed by identifying the health care goods and services relevant to a relapse, quantifying the frequency of use and proportion of users for each item included in the profile, and applying a unit cost to each resource used.
Data Sources Hospital inpatient care
Inpatient resource use and costs were derived from an analysis of all payer, 1999 discharge data from five states representing different areas of the US (California, Florida, Maryland, Massachusetts, Washington) [8] [9] [10] [11] [12] . These databases include demographic, clinical, and economic data for discharges from 980 hospitals. Patients diagnosed with MS were identified in each database (principal or secondary diagnosis International Classification of Diseases code, ICD-9 code: 340). When MS was coded as a secondary diagnosis, only those cases with a principal diagnosis of a condition or symptom that could be associated with a relapse were included in the analyses. All cases with a principal diagnosis of depression were excluded from the analysis.
Hospital costs include all accommodations, all ancillary and physician-related services. ER costs are included for those who used that service prior to admission. Inpatient physician care profiles were developed for cases of MS from the information in the five hospital discharge databases. These profiles were developed based on the recorded length of stay (LOS), procedure codes, special care unit and ER use, surgical and anesthesia activities, consultations and other physician-related database elements. For patients 65 years and older, the 2002 Medicare national physician fee schedules [13] were applied to estimate the cost of inpatient and outpatient physicianrelated services. For younger patients, the Medicare fees were adjusted with ratios derived from published fees for common types of insurers (i.e. Medicaid, preferred provider organizations, and indemnity plans) [14, 15] . This methodology was applied to all physicians and test costs at all management levels in this analysis.
Overview of health care services and resource use profiles used to define management levels during a 90-day relapse episode Overview of health care services and resource use profiles used to define management levels during a 90-day relapse episode (Abbreviation: IV= intravenous, MD = medical doctor)
Post-acute care
Health care service use does not end upon discharge from the hospital; therefore, care after hospitalization was factored into the management profiles for those who required hospital level of care. The location of care (i.e., discharged home to outpatient care or with home health care services, transferred to rehabilitation units, skilled nursing facilities (SNF), or medically supervised nursing homes for short-term care) following discharge was determined using disposition status data from the five states. In addition, re-admission to the acute care hospital for a similar problem within one month of the index admission was considered to be a component of the costs of the relapse episode. Readmission patterns were analyzed using the data from the Massachusetts database, which includes unique patient identifiers [10].
The length of stay and costs of inpatient rehabilitation care were estimated from the same five state databases. The cases were selected where the primary reason for admission was rehabilitation and MS was coded as a secondary diagnosis. The disposition status at discharge from inpatient rehabilitation was examined to determine if the patient returned home, required home health care service or was transferred to a skilled nursing facility. These data were supplemented with information published by the New Hampshire Hospital Association on patients admitted with MS to rehabilitation facilities for the years 1996 through 1999 [16] [17] [18] [19] . Medicare and Medicaid data published by the Center for Medicare and Medicaid Services (CMS) were used to establish the LOS, visit rate and unit cost information for SNF care and home health care services [20] . Nursing home per diem costs were established by analyzing statewide data for patients with a primary diagnosis of MS when admitted to long term care facilities in Minnesota [21] . The Minnesota costs were adjusted to national values using published nursing home per diem costs [22] . The rate of physician visits to the nursing home was estimated from medical literature [23] .
Emergency Room and Observation Unit Visits
Estimates of resource use and cost data were obtained from the 1999 Utah all payer ER database [24] and the 1999 Massachusetts Observation Unit database [25] . The criteria used for selecting MS cases were the same as those used for inpatient care.
Outpatient Care
Data from the 1999 Florida Medicaid ambulatory care database [26] and the National Ambulatory Care Survey (NAMCS) [27] [28] [29] , as well as published Medicare and Medicaid data [13, 14] and published literature [30] [31] [32] [33] [34] were examined and used to develop the outpatient profiles and management costs. In addition, NAMCS data from the 1997, 1998, and 1999 databases [27] [28] [29] 35] were pooled and weighted by patient visit weights as described in the National Ambulatory Medical Care Survey Data File Documentation [36] . The NAMCS is a probability sample where data are derived from a randomly selected group of office-based physicians [37] . In those with a coded diagnosis of MS, the general reason for the physician encounter was used to discern a routine visit for a chronic condition (assumed to be a remission-related usual care visit) from a visit to the physician for an acute problem, which was assumed to be a relapse-related visit.
The disposition status at the end of the visit was used to determine whether patients were scheduled for a followup visit, referred to a consultant, not scheduled to return or those who should return only if necessary.
Basic laboratory tests such as a complete blood count (CBC) and basic metabolic profile were included in the cost of the initial comprehensive assessment visit with the usual care physician. The proportions of patients receiving other tests were estimated from NAMCS data and the literature [32] . All patients were assigned the cost of one magnetic resonance imaging (MRI) scan. Resource use and costs for relapse-related outpatient treatment for physical therapy (PT), occupational therapy (OT) and speech therapy (ST) were obtained from NAMCS data, CMS data and the literature [14, 15, [27] [28] [29] 32 ]. The unit cost for an initial comprehensive medical assessment visit, follow-up office visit with the usual care physician, and consultation with specialists was established using the appropriate CPT-4 code [38] , the Medicare physician and laboratory fee schedules for those ≥ 65 years and the derived unit costs for those <65 years based on the methodology described previously.
Medications
The daily cost of outpatient medications prescribed to manage symptoms during a relapse episode (e.g., amitriptyline, baclofen) was included in the cost estimates derived for each level of management. The proportion of patients receiving medication to manage symptoms during a relapse and the daily cost was estimated from the literature and the 2001 Red Book [5, 30, 39, 40] . The cost of disease modifying drugs such as interferon-β-1b (Betaseron), interferon-β-1a (Avonex) and glatiramer acetate/copolymer 1 (glatiramer, Copaxone) were considered to be ongoing management costs and were excluded from the costs associated with a relapse. Intravenous (IV) methylprednisolone followed by a tapering dose of oral prednisone is used to treat acute exacerbations [31, 33, 41] . The frequency of use of oral steroids by those receiving infusions was determined from the literature [31] . For those receiving inpatient management, the cost of methylprednisolone infusions is included in the hospital stay cost estimates, but as this treatment is also administered in the outpatient setting, this therapy was included in the cost of the medium intensity management level as well. The cost of administering infusions at home was obtained from the literature [42] . A day case cost was derived by analyzing a subset of the MS cases in the Massachusetts Observation Unit data set that received steroids by infusion [25] . To identify these cases, all the Observation Unit cases were screened for ICD-9 procedure codes 99.25 (injection of steroid) and 99.29 (injection or infusion of other therapeutic or prophylactic substance).
Cost Estimates
All cost estimates are reported in 2002 US dollars. Where 2002 values were not available, older estimates were inflated using rates based on the medical care component of the United States Consumer Price Index, supplied by the Federal Bureau of Labor Statistics [43] . Any charges used as inputs (e.g., inpatient hospital care) were adjusted to costs using a cost-to-charge ratio. In the absence of a standard value, a ratio of 0.61 was used, as this is the most recent figure calculated by the Commonwealth of Massachusetts Office of Health Care Finance and Policy for hospitals in Massachusetts. Where single state databases were used (e.g., ER, observation unit nursing home), state-specific costs were adjusted to national values using CMS geographical cost information [20] .
Results
High Level
Data from the five state discharge databases revealed that a diagnosis of MS was recorded for 17,743 cases, and as a primary diagnosis in 3,421 (19%) cases. Based on the study criteria, when MS was coded as a secondary diagnosis, only those cases with a principal diagnosis of a condition or symptom that could be associated with a relapse were included in the analyses (1,213 cases). A total of 4,634 study-eligible cases were identified. The majority (73%) was female. The mean age was 48 years, and 54% of the cases were between the ages of 25 and 44 years.
Primary payer data revealed that managed care organizations (MCO) comprise the second largest payer category for inpatient care. For this analysis, the MCO payer category includes various types of non-Medicare and nonMedicaid funded health care insurance plans including health maintenance organizations (HMO), preferred provider organizations (PPO) and point of service plans (POS) (Figure 2 ). Of note, although only 10% of patients are > = 65 years, Medicare is the responsible payer for 39% of the admissions and is the largest single payer. The high proportion of Medicare patients with MS in this sample is likely due to those who qualify for this type of coverage due to a disability rather than age. The Medicare category includes those covered under the traditional fee for service $10,514); and 1% to nursing home care (mean cost per 90 day stay $12,894, range: $7,709-$14,200). The costs of these levels of care were applied proportionately to the users of those services to derive the typical overall weighted post-acute care cost. For the remaining 5% (other), the disposition status was either unknown or was a level of care (e.g., custodial residential care) that would not be covered by third party payers in the US and is therefore not a direct medical cost relevant to this analysis. Of those discharged initially to a rehabilitation facility or unit, 1% died during their stay, 8% were transferred to a skilled nursing facility, 38% required home health care services after discharge and the remainder were followed as outpatients.
For those discharged to home, follow-up outpatient care consisted of one physician visit ($37), and the calculated weighted average cost of symptom related medications ($73) for 90 days less the LOS in hospital. For patients discharged from a SNF or inpatient rehabilitation, the cost of an outpatient follow-up physician office visit care plus a home assessment visit ($35) was added to the cost of their sub-acute stay. In addition, the cost of symptom related medications was added for the 90-day period minus the number of days the patients was in acute and sub-acute inpatient care. Furthermore, the cost of a repeat hospitalization was included in the post-acute care estimate for the 4% who were readmitted within 30 days of discharge. When all post-acute care costs are weighted proportionately by the percent of those who used them, the typical post-discharge subsequent care cost per person is estimated at $4,088 (potential range: $37-$24,382) per person per 90-day relapse episode.
Thus, for patients who experience a relapse with symptoms severe enough to require hospitalization, the typical cost for a relapse episode over 90-days is $12,870. Figure  3 provides an overview of the proportional contribution of the major cost components to the typical cost for this management level.
Medium Level
Separate resource use profiles were developed for those who were initially seen in the ER versus those whose initial encounter was with their usual care physician at the onset of symptoms. Based on 401 cases identified in the ER database, of whom 76% were female and 44% were between the ages of 25-44 years, the mean cost of an ER visit for those discharged to outpatient care after the visit was estimated at $475 (range: $30-$7,745). This cost includes facility, ancillary and physician costs. The mean time for an ER visit was 7 hours (range: 1-23 hours) and a MCO was the responsible payer for 32% of the cases (Figure 2) . (Figure 2 ).
The cost of administering methylprednisolone IV (750 mg per day over 8 hours for four days) was estimated both when provided as a day case ($3,814) and home care ($792). The day case estimate was obtained by analyzing 30 cases attending Massachusetts Observation Units, who received IV steroids. In the absence of published information about the proportion of patients who receive infusions as observed day cases versus in a home care setting in the US, an assumption was made that 25% of the 56% [31] of relapse patients who receive this therapy are treated as day cases. The cost of a course of oral prednisone was estimated at $3.33 and was applied to 21% [31] of the patients receiving infusions. The cost of the initial comprehensive office visit with the patient's usual care physician including basic laboratory tests was estimated at $240. The proportions of patients receiving other tests on follow-up were as follows: 11% urinalysis, 4% ultrasound of bladder or bladder function studies, 2% spinal tap, and 2% electromyography. Based on information from NAMCS the medium intensity cost for usual care physician follow-up and consults was derived based on 91% returning for a follow-up office visit, 10% referred to a urologist, 5% to an ophthalmologist and 12% to other specialists. The weighted cost of these additional tests, referrals and follow-up visits were applied to both the ER and usual care physician profiles. In addition, the cost of a course of outpatient physical ($1,117), speech ($681) and occupational therapy ($1,240) was applied to 10%, 6% and 5% of patients respectively [5] . The cost of symptom related medications was applied to 95% of the patients [30] for 90 days to complete this profile.
For patients who see their usual care physician initially, the typical cost for a relapse episode that required this level of management was estimated to be $1,836, and 31% higher for patients whose symptoms were evaluated initially in the ER ($2,408). This increase is due to the incremental cost of the ER visit plus physician services rendered in the ER for a serious but non-life threatening condition and a follow-up visit to the patient's usual care physician soon after the ER visit. Otherwise, the profiles are identical. Based on NAMCS data analyses, just 2% of the patients were initially seen in the ER, after weighting these costs appropriately, a relapse episode with this medium level of management costs $1,847, on average. The low end of the range was estimated to be $316 for those who do not receive IV methylprednisolone to $12,525 when an ER visit is made followed by extensive testing and multiple referrals. Figure 4 provides an overview of the proportional contribution of the major cost components for the typical medium level management cost.
Low Level
The overall cost of a relapse that receives a low intensity level of management is estimated at $243 (range: $171-$952) per person. The major cost component is the cost of the initial office visit with the patient's usual care physician including basic lab tests for those who receive them. Based on analyses of the NAMCS data 64% of patients return for a follow-up visit. As for the other profiles, the cost of medications to relieve symptoms during the relapse episode was applied to 95% of the patients based on information from the literature [30] .
Discussion
Relapses and the progression of the disease with the development of irreversible disability are two key clinical characteristics of MS [3, 44, 45] . Acute exacerbations of MS are commonly managed with infusions of steroids, such as methylprednisolone administered in the out patient setting [46] . In fact, some insurers now have criteria that have to be met before a patient can be admitted overnight for this type of therapy [47] . Yet, there remain some cases where a relapse has to be managed intensively and requires an admission to hospital, for example, when a severe neurological deficit is present [47] . Previous studies have shown that hospitalization remains a significant Proportion of overall high-level management cost by major cost components component of the cost of managing MS [4, 48] , but as practice patterns change there is an increased interest in avoiding hospitalization where clinically prudent, such as those due to bladder dysfunction by improving self care [48] or by utilizing alternative sites of care, such as observation units or home care. Our study suggests that the cost of managing a relapse will typically increase over six fold if inpatient care is provided, compared with a relapse that can be managed with IV steroids as an outpatient.
When assessing chronic clinical conditions in the US, Medicare is often the payer of interest given the usual age distribution of chronically ill patients; however, patients diagnosed with MS are typically younger than 65 years old, and so have insurance coverage from a variety of health care service plans. As would be expected for patients diagnosed with MS, most of the inpatient (90%) and ER cases (93%) were younger than 65 years old. Even so, Medicare was the primary payer for 39% of the inpatient cases and 23% of ER cases. Managed care plans paid for over a quarter of the inpatient cases (28%), and for almost a third of the ER cases (32%). These figures are consistent with a survey by the National Multiple Sclerosis Society, which indicated that while Medicare insured the majority of respondents, at least a quarter held private insurance [4] . Given these figures, although Medicare does Proportion of overall medium level management cost by major cost components have a larger than might be expected role in the coverage for this younger group of patients, economic concerns related to MS relapse management are likely to be equally germane to MCOs.
Scarce information was found in the literature that could shed light on the management cost of relapse in the US by level of health care needs. Most of the published studies from the US and elsewhere are cost of illness studies and include indirect costs which for the most part combine all types of MS into one group for reporting purposes so teasing out the cost of managing a relapse is not possible [37] .
Other published sources, often cited in reports about MS, present information on studies that are not necessarily representative of an MS "real world" populations. For example, there are references in the literature to a health care cost study done on veterans in the US [48] . While this study provides valuable information, its relevance to the MS population as a whole and a managed care population in particular is questionable as 89% of the participants were male and only 13% of the patients had relapsingremitting MS. Prevalence data of MS in the US show that 73% of those with the condition are female [37] . The results of our data analysis support this in that the majority of formal care seekers were female at all locations of care in our study. This analysis, which uses an approach heretofore not taken in calculating the cost of managing a relapse, presents a detailed picture of possible management scenarios for relapse in actual practice settings.
In this study, the cost profiles developed for inpatient care, emergency room visits, nursing home stays and physician visits were all based on data collected from patients with a recorded diagnosis of MS. MS has been allocated a specific ICD-9 code, and this allowed selection of the cases with multiple sclerosis from the various databases used in these analyses. Unfortunately, the ICD-9 code did not allow us to differentiate between cases with different types of MS; therefore, it is unknown how many cases had the relapsing-remitting or progressive forms of the disease. Cases were excluded where the admission or the visit was primarily for depression or other mood disorders. In this analysis, these were considered to be related more to the consequences of living with multiple sclerosis than a relapse [37] .
A key cost component of the medium intensity management level arises from administering a course of methylprednisolone infusions in the out patient setting. As would be expected, the cost estimated for home infusion therapy is substantially lower, approximately one quarter of the cost of providing this care as a hospital day case. One important limitation of our study is that whilst these are credible estimates of the cost of providing the infusions in each setting, information about the proportion of patients receiving these infusions as a day case was not available to us. The overall cost estimate for the medium management level assumed the minority (25%) receives the infusions as a day case rather than home infusions, and this is conservative based on known insurance coverage restrictions [47] and personal communication with staff of several US based MS clinics. It is also likely that the portion of the costs contributed by testing is a conservative estimate. The low rates of diagnostic and laboratory tests noted in the NAMCS data may be more reflective of under coding diagnostic tests than the level of actual utilization.
The average wholesale price (AWP) was used as the basis for estimating the outpatient symptom-related medication profile. Although the AWP is not representative of the cost that most purchasers or users pay for a drug, it was selected as the reference cost to provide a common, understandable baseline from which a comparison can be made for a given circumstance. This approach was taken rather than base the analysis on any one organization's discounted rate; as such an estimate would not be representative past the environs of the selected organization.
It has been noted that patients with chronic illnesses adapt to their level of disability and learn to accommodate changes in physical condition without seeking formal care even when a symptom may be termed as "bothersome" [32] . Thus, not every mild relapse will generate costs even at the low management level. Nevertheless, based on our analyses of the NAMCS data, once patients attend their physician for an acute MS-related problem, almost two-thirds will return for a follow-up visit.
The development of disease modifying agents in recent years has altered the clinical management of this illness. The current health care environment requires decisionmakers to consider the fiscal, as well as the clinical consequences of therapy (i.e. cost-effectiveness analyses) when allocating limited health care dollars. The cost estimates for a relapse episode based on escalating levels of management presented in this paper provide valuable inputs for decision-makers and researchers seeking to evaluate and understand the economic, as well as the clinical implications of disease modifying drugs for MS.
Conclusions
This study provides decision-makers costs heretofore unknown based on current management practices. This analysis has shown that there is a cost to a relapse regardless of the level of management once formal care is sought.
Clearly and not surprisingly, site of care will affect the cost of a relapse, even amongst those treated as outpatients.
For patients who are initially seen in the ER, the cost of the medium level of management is estimated to increase by almost a third when compared with those seen initially by their physician. Policies or standardized protocols of care that lead to an increase in the proportion of patients receiving steroid infusions at home or in another ambulatory setting, or those that encourage attending their usual care physician rather than visiting the ER when clinically appropriate, would therefore have a substantial impact on the overall cost estimated for a relapse episode.
